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“This year has been difficult for our nation and the world on many
levels. Although there have been many challenges, | am proud to
be a part of an Agency that sets a positive example and inspires our
global community. Through the difficulties, NASA has made progress
in developing the systems for the first mission of the Artemis program
— successfully completing system testing of the Orion spacecraft
including structural test article and space environmental testing to
verify the spacecraft is ready for Artemis I. The agency also completed
the prerequisite system test cases for the ‘test like you fly’ SLS Core
Stage Green Run test that is the final hot fire test to clear the Core
Stage for Artemis I. We have selected partners to join us in developing
the Human Landing System; we have worked with our commercial
partners in enabling test flights and have successfully launched
Americans from U.S. soil to the International Space Station for the
first time since 2011; and we launched the Perseverance rover to Mars
for a February landing. Through all of this, the NESC has provided
crucial support in enabling many of NASA’s achievements. Through
specialized expertise and guidance, rigor in providing technical
excellence, and determination to reduce the risk to our astronauts,
the NESC has been there to provide critical independent technical
assessments to support NASA programs.”

“We at NASA have grown and adapted this year to a new normal.
We have worked from home, and we have utilized technological
advances to do this work successfully. We have committed to the
health and safety of our personnel, while ensuring that our NASA
family can enable NASA’'s mission under new constructs. The NESC
has shown incredible agility in its determination to provide the best
support to NASA’s programs. This 2020 Technical Update illustrates
its tenacity in solving a broad range of difficult technical problems,
while capturing knowledge and lessons learned to pass along to the
NASA engineering community. From its work in supporting the Artemis
missions and enabling American astronauts to again launch from
U.S. sail, to the development of numerous engineering reports and
technical bulletins from these efforts, the NESC continues to provide
exceptional technical expertise to the Agency. The NESC reached a
major milestone this year by surpassing 1000 technical assessments
and support activities. This speaks volumes to the value the NESC has
brought to NASA’s programs and projects. As our work environments
continue to change, so will the NESC adapt and bring new approaches
to achieve NASA’s mission.”
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NASA Engineering & Safety Center

A Unique Resource

The NESC is an Agency-wide resource that provides a forum for reporting
technical issues and contributing alternative viewpoints to resolve NASA’s
highest-risk challenges. Multidisciplinary teams of ready experts provide
distinctively unbiased technical assessments to enable more informed decisions.

Engineering Excellence

The NESC draws on the knowledge base of technical experts from across NASA,
industry, academia, and other government agencies. Collaborating with leading
engineers allows the NESC to consistently optimize processes, strengthen
technical capabilities, and broaden perspectives. This practice further reinforces
the NESC’s commitment to engineering excellence.

Independence & Objectivity

The NESC performs technical assessments and provides recommendations
based on independent testing and analysis. An independent reporting path and
independent funding from the Office of the Chief Engineer help ensure objective
technical results for NASA.

Insignia Origin

“l named my spacecraft Sigma Seven.
Sigma, a Greek symbol for the sum of
the elements of an equation, stands for
engineering excellence. That was my goal
- engineering excellence.”

- Wally Schirra

For the NESC, the Sigma also represents engineering excellence. The
NESC'’s unique insignia has its roots in the early Mercury program. While
the Sigma Seven represented the seven Mercury astronauts, the "10" in
the NESC insignia represents the ten NASA Centers. The NESC draws
upon resources from the entire Agency to ensure engineering excellence.

The NESC’s mission is to perform value-added independent testing, analysis, and
assessments of NASA’s high-risk projects to ensure safety and mission success.
The NESC engages proactively to help NASA avoid future problems.
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Promoting Engineering
Excellence, Independence,
and Objectivity

NASA has been impacted by the challenges of 2020 like everyone else and has had to
reassess how to perform its mission. The NASA Engineering and Safety Center (NESC)
has adapted along with the rest of the Agency. Fortunately, the NESC is built to adapt. The
foundation of the NESC is people, so where the people are — in the office, in the lab, at home
—is where the NESC is. During this difficult year, NASA has continued to move forward, and
so has the NESC.

The NESC'’s mission is to provide the Agency with a unique resource promoting engineering
excellence, independence, and objectivity. The strength of the NESC is its ability to rapidly
reach out to industry, academia, the government, and all of NASA, to secure technical and
scientific expertise needed to solve the Agency’s most difficult problems. This ability not only
brings the knowledge and experience to where the problems are, but also enables the NESC
to proactively build diverse teams by drawing from such a broad base. The need for this
type of organization — one that provides an independent voice and a source of resources to
bolster safety through engineering excellence — was recognized after the Columbia accident.

The NESC’s technical expertise resides in the NESC Technical Discipline Teams (TDTs).
TDTs comprise engineers and scientists from across the country who join NESC Assessment
Teams when there is a need identified through a request to the NESC. Assessment teams
are formed in the spirit of the traditional “tiger team,” which are short-duration, efficient, and
assembled to focus on a specific problem. The 20 discipline-specific TDTs are each led by
a NASA Technical Fellow. The Technical Fellows are NASA’s senior technical experts and
stewards of their respective disciplines.

The Technical Fellows constitute part of the NESC core team, along with the Principal
Engineers, NESC Chief Engineers, Management and Technical Support Office, NESC
Integration Office, and NESC Director’s Office. The Principal Engineers lead many of the
assessments, primarily those that are large and require coordination among several different
disciplines. The NESC Chief Engineers reside at each of the ten NASA Centers, coordinate
Center support to assessments, and serve as each Center’s NESC point of contact. The
Management and Technical Support Office provides the contracting, budgeting, and
other business support for the NESC and its assessments. The NESC Integration Office
coordinates programmatic and technical integration for the NESC.

The hallmarks of the NESC are that every assessment is documented in a final report, and
each final report must be approved by the NESC core team through the NESC Review Board
(NRB). The NRB formalizes a diverse peer-review process by bringing all of the experiences,
knowledge, and backgrounds of the core team members together to critique, enhance, and
ultimately strengthen each product. The NESC has adapted to the challenges of 2020 by
relying on this diversity and flexibility built into the organization. The NASA Administrator
communicated this year that NASA demonstrates “the value of equal opportunity, diversity,
and inclusion to our mission accomplishment.” The NESC exemplifies the Administrator’'s
message by demonstrating that the NESC’s foundation of technical excellence is strengthened
by making diversity a priority.
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6 Assessments & Support Activities

Assessments & Support Activities

Assessments typically include independent testing and/or analyses, the results of which are
peer reviewed by the NESC Review Board (NRB) and documented in engineering reports.
Support activities typically include providing technical expertise for consulting on program/
project issues, supporting design reviews, and other short-term technical activities.

NESC Assessment Process

NESC Review Board
Approval

v

Request
Processed,
Evaluated, and
Accepted

Request
Submitted

by anyone

Submitted Requests

Evaluated Based
on NESC Selection
Priorities & OCE Risks

Assessment
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and Plan
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Proceed with
Assessment

Testing, Data
Collection, Modeling,
& Analysis

A

ssessment Team

NESC Review Board
Peer Review + Approval

Deliver Final
Report to
Stakeholders

The NESC assessment process is key to developing peer-reviewed engineering reports for stakeholders. Requests for
assistance are evaluated by the NRB. If a request is approved, a team is formed that will perform independent testing,
analyses, and other activities as necessary to develop the data needed to answer the original request. An NESC team’s
findings, observations, and recommendations are rigorously documented within an engineering report and are peer reviewed
and approved by the NRB prior to release to the stakeholder.
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74 Completed Requests

in FY20
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¢— PRIORITY1 —
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Work to avoid potential
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Work to improve
a system

143 In-Progress Requests
as of September 30, 2020
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Priority 1 Completed Assessments
Projects in the Flight Phase

Evaluation of the ORDEM3.1 Software Release

The Orbital Debris Engineering Model (ORDEM) is NASA’s primary tool for modeling the Earth’s orbital debris environment and
enables spacecraft designers to calculate the risk of meteoroid and orbital debris (M/OD) impacts to their spacecraft. After devel-
opment of the latest version, ORDEM3.1, NASA’s Orbital Debris Program Office requested the NESC to peer-review and exercise
the new software to evaluate its performance and operational characteristics.

ORDEM categorizes orbital debris particles by size, material density, relative velocity, and direction, and also includes orbital
parameters such as altitude and inclination. Version 3.1 focused on updates to these debris populations with the latest available
measurement data to better inform debris impact risk assessments. The NESC team reviewed documentation and data and ran
multiple test cases using specific orbits and starting years. The team examined trends in the resulting data, compared results to
previous versions of ORDEM, and performed a typical M/OD risk assessment to examine ORDEMS3.1’s effect on predicted debris
penetration risks. The team also identified areas where model predictions may be improved.

This work was performed by GSFC, JPL, LaRC, and MSFC.

Orbital objects > 10 cm
diameter in 1970 (left)
and 2019.

Evaluating Impact Tolerance of Softgoods on Drogue Parachutes

Drogue parachutes serve to stabilize and decelerate a spacecraft once it has descended well into
the atmosphere. While drogues are designed to be robust in their deployment aerodynamic
environments, they have varying degrees of tolerance to debris strikes. Both hard
and soft debris can be liberated from a spacecraft during drogue deployment,
but little data exist that quantify drogue damage tolerance to strikes by
soft debris such as blanket insulation.

The NESC sponsored testing at Southwest Research
Institute’s blast and impact facility to assess the damage
tolerance of a modern drogue parachute to soft debris of
different sizes and velocities. More than 15 tests were conducted
to evaluate impact tolerance and quantify the robustness of the design.
Some drogue elements were shown to be more damage tolerant than others,
which can be used to improve the robustness of future designs.

Typical drogue parachute.
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Assessing Risk of ISS RPCM Hot Mate/Demate During EVA

Positioned at multiple locations along the International Space Station’s (ISS) main truss are banks of circuit breaker devices re-
ferred to as remote power control modules (RPCM). Currently, when ISS equipment configurations change, these devices need
relocating or replacing via an extravehicular activity (EVA), and can require a shutdown of critical ISS systems while astronauts
perform the work. Shutting down large portions of ISS systems, however, carries operational risk to ISS and its crew, both while
they are powered down and when bringing the systems back online. Therefore, the ideal approach would be to remove/replace
the RPCMs while powered on, known as a hot mate/demate, but is not without risk to the EVA crew. To characterize the potential
hazard, the ISS Program requested the NESC evaluate risk of potential molten metal generation due to electrical arcing during
the mate/demate, and molten metal impacts on the EVA Mobility Unit (EMU). The NESC team conducted arcing tests at the Air
Force Research Laboratory, MSFC, and GSFC, where EMU materials were exposed in vacuum to molten metal drops up to the
maximum diameter possible based on the energy present in a potential arc. Testing and analysis revealed that these molten metal
particles were unlikely to cause severe or catastrophic EMU damage.

This work was performed by AFRC, GSFC, JSC, KSC, LaRC, and MSFC. NASA/TM-2019-220421

NASA astronaut Christina Koch installs Li-ion batteries
in an ISS power system upgrade.

Express Logistics Carrier Reverse
Capacitor Follow-on Testing

In an earlier assessment, the NESC investigated the effects of reverse-po-
larity installation of polarized capacitors possibly installed on the Expedite
the Processing of Experiments to the Space Station (EXPRESS) Logistics
Carrier (ELC) onboard the ISS. Subsequent to this work, the GSFC Safety
and Mission Assurance (S&MA) team performed additional testing on similar
capacitors under the same electrical configuration tested by the NESC team,
but with an additional drying to simulate vacuum exposure time prior to appli-
cation of reverse-bias testing. This more faithfully replicated the part history
prior to powering up the ELC on orbit. This testing configuration indicated an
increased capacitor life prediction than did the initial testing. As a result, the
ISS Program tasked an NESC/Aerospace Corporation team with confirming
the updated test results and the impact to previous capacitor life predictions.
The assessment team conducted tests on capacitors of varying pedigree
and corroborated the behavior seen by GSFC S&MA testing, leading the
NESC team to conclude the initial life predictions were overly conservative.
The new findings as well as data from other capacitor testing will serve as a
reference for future studies of reversed-biased capacitors of this type.

% . 7A

This work was performed by KSC, JSC, GSFC, )
ELC-2 prior to its placement on the S3 truss.

and The Aerospace Corporation.
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Preventing Vibration-Induced Damage to ISS Cargo

To ensure soft-stowed payloads reach ~
the 1SS with no vibration-induced failures,
NASA began to use a special ISS cargo
software tool to calculate the attenuated
random vibration environments and foam
compression strain that foam-wrapped
cargo will see in flight. Prior to the cargo
tool’s widespread Agency use, the NESC
performed a comprehensive evaluation
of the theoretical basis behind the tool’s
design, construction, and operation, and
reviewed the results of another provider’s
tool for comparison with the ISS cargo tool
results.

The assessment team reviewed isolation
material testing, tool construction and sup-
porting methodology, and current payload
packaging and common isolation materi-
als. The NESC team provided guidance for
improving assessments of foam packing
and test methods.

-
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This work was performed by GRC, MSFC, .
JSC, and LaRC. TM-2020-5001542 Orbital ATK’s Cygnus cargo spacecraft carried with more than 5,100 pounds of cargo

and research equipment on its fifth commercial resupply flight to the ISS.

Determining Autoignition Temperatures of IPA and Ethanol

Isopropyl alcohol (IPA) and ethanol are used extensively to clean and flush propulsion systems. When a commercial propulsion
system designer requested NASA provide its available data on the autogenous ignition temperature (AIT) of IPA in a pressurized,
pure oxygen environment, existing data were found to be focused primarily on the AIT of IPA in air, at lower pressures than the
designer required. This led the NESC to experimentally determine the AlTs of both IPA and ethanol in gaseous oxygen at various
pressures.

Tests in oxygen were performed at the 410-
White Sands Test Facility at pressures up

to 2,200 psi (15.2 MPa), which allowed

comparisons with previous data and pro- 400 —_——
vided new data at relevant propulsion e
system operating conditions. The assess- 1 °
ment team analyzed the test replicants to 390- :
understand method-dependent variability

and establish statistical significance. The
tabulated data, which includes the asso- ®
ciated pressure increases upon ignition, 380
were provided to the appropriate pro- | °
grams and projects across NASA. See °
NESC Technical Bulletin 20-05 page 40. 3704

AT (°F)

[ ]
—

This work was performed by MSFC and 50
WSTF. NASA/TM-2020-5004683, Ethanol T IPA
TB-20-05

Fluid

Box and whiskers plots of AIT data.


https://www.nasa.gov/sites/default/files/atoms/files/techbul_20_05_autoignition_072020.pdf
https://www.nasa.gov/sites/default/files/atoms/files/techbul_20_05_autoignition_072020.pdf
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Human Spaceflight Mishap
Recurring Causes Study

Major mishaps and significant close calls have marred
the start of every human spaceflight program since three
American astronauts were lost in the 1967 Apollo-1 fire.
To understand the recurring cause trends from mishaps
that occurred during flight tests and early operations, the
NESC and NASA Safety Center studied eight mishaps
during the Apollo, Soyuz, Skylab, Space Shuttle, and
Constellation Programs, as well as commercial subor-
bital systems. The goal was to identify recurring causes
to proactively reduce the risks of serious mishaps before
upcoming NASA and commercial missions.

From left, astronauts White, Grissom, and Chaffee lost their lives
in a January 27, 1967 fire in the Apollo Command Module during
testing at the launch facility.

The study identified systemic, or underlying, issues that, if addressed, would have a maximum impact on reducing the frequency
and/or severity of incidents, especially during flight tests and early operations. The nine most frequently recurring cause types
were analyzed in detail. The final report summarized what was learned, compared the results to historical safety reports, provided
a review of the analysis results by a cadre of human spaceflight subject matter experts, and discussed how findings can be used
in developing effective mishap risk reduction strategies. See page 42-44 for a more in-depth article.

This work was performed by KSC, GRC, and ARC. NASA/TM-2020-220573

Upgrading COPV Liner
Inspection System

A composite overwrapped pressure vessel (COPV) un-
dergoes pressure cycles where the metallic liner expe-
riences plastic deformation, and so flaw detection in the
liner is critical. The NESC recently upgraded its Multi-
purpose Pressure Vessel Scanner (MPVS), which is a
robotic, nondestructive evaluation system used to detect
critical surface and near-surface indications on COPV
liners. The MPVS provides inspection capability and flaw
mapping to a pressure vessel’s interior and exterior mold
line surfaces. It was developed as an improvement to ex-
isting COPV liner dye-penetrant inspection methods. The
MPVS could allow manufacturers to screen out cracks
that have grown to unacceptably large sizes, potentially
threatening spacecraft crew and mission success.

Materials engineer Edgar Reyes of WSTF visually inspects a crack
identified on the outer surface of a pressure vessel following an internal
eddy current through-wall nondestructive inspection.

As a follow-on to MPVS, the NESC assisted in a complete characterization of the system’s capability and the investigation of ad-
ditional capabilities needed by the COPV community. This included addressing concerns with crack-detection capabilities on liner
domes of varying thickness, refining eddy current (EC) crack sizes and resulting probability of detection (POD) estimates for the
liner cylindrical sections, improving liner cylinder thickness measurements, demonstrating crack detection using a through-wall
EC sensor (see photo), and development of an EC array probe to expedite liner crack inspection scan times. This follow-on work
reduced uncertainty in the POD results and developed additional capabilities to optimize the system for high-production rate flight
COPYV inspections.

This work was performed by LaRC, JSC, WSTF, JPL, and MSFC.
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Pilot Breathing Assessment (/n-Frogress Update)

In 2017, the Navy requested the NESC provide an independent review
of their efforts to address an increased occurrence of physiological ep-
isodes across their F/A-18 fleet. The NESC initiated the Pilot Breathing
Assessment (PBA) to better understand human physiology and breathing
behaviors in high-performance aircraft during operation.

The PBA team designed novel instrumentation and used advanced anal-
ysis to examine pilot physiological state and interaction with aircraft life
support systems. NASA test pilots flew instrumented NASA F/A-18 and
F-15 aircraft through pre-specified flight profiles while wearing special-
ized equipment augmented with an advanced sensor system. This sen-
sor system collected data during flight such as breathing characteristics,
gas flow, air composition, and aircraft environment. These data streams
were aligned and examined using advanced analysis techniques to iden-
tify pilot/aircraft interactions with potential for negative cognitive and
physiological impact.

HEEENE EEEESE
REREEE REGAS
LEEER T

To date, the NESC team has successfully completed 105 PBA sorties. A
“first round” of about ~50 scripted flights with a full complement of instru-
mentation was completed at the end of FY19. After analysis of the initial
dataset, a second set of ~50 scripted flights were designed to fill specific
data gaps. The team found that certain flight activities were more likely to
disrupt pilot breathing, and so additional flight profiles were developed to
more closely examine the pilot breathing performance and aircraft condi-
tions. Extensive data reduction was required to process over 250 million : :
data points, which were analyzed via data visualization tools, summary AR ¥ |
statistics, and mixed effects models. A detailed NESC engineering report _—
is currently in preparation for peer-review and release in early FY21.

This work is being performed by LaRC, AFRC, ARC, GRC, GSFC, —

JPL, JSC, WSTF, and also the EPA, UF, USN, and USAF. United States Navy aircrew configuration

with integrated PBA instrumentation.

Priority 1

In-Progress Assessments In-Progress Support Activities

CCP Crew-1 TPS Peer Review e CCP Launch Vehicle Orbital Tube Welding

CCP Booster Return Loads Reuse Implications POD Study Samples

EMU Sublimator Corrosion CCP Corrosion Mitigation Strategy

Orion Frangible Joint Threshold and Margins Analysis Fire Cartridge Failure Investigation, Manufacturing,
Ti-NTO Compatibility Cross-Program Impact and Hardware Verification

and Lessons Learned Hardware Development for COVID Applications
Review of CCP Additive Manufacturing Program ISS Battery Charge Discharge Unit Investigation
CCP Propellant and Pressurization COPV Support Materials Support to DC-8 Type A Mishap

Pilot Breathing Assessment NESC Support of CCP Anomaly

Validation of ISS Li-lon Main Battery’s Rapid Slews for Lunar Reconnaissance Orbiter
TR Mitigation Analysis and Design Features

Completed Support Activities

e CCP Software Review
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Priority 2 Completed Assessments
Projects in the Design Phase

Predicting Wind-Induced Oscillations on Launch Vehicles

Once situated on the launch pad, launch vehicles are exposed to ground winds and their corresponding loads. Of particular interest
is a vehicle response to these loads called resonant wind-induced oscillation (WIO), which can damage vehicle structures or pay-
loads and interfere with guidance or launch systems. Resonant WIO is a design driver for launch vehicles and is typically mitigated
through the use of external dampers and strict launch criteria. To evaluate the methods for predicting WIO used by the commercial
launch industry, an assessment team conducted a wind tunnel test campaign to assess key viscous flow properties and their effect
on launch vehicle WIO. Testing on vehicle models demonstrated aerodynamic flow states surrounding the vehicle in ground winds
are sensitive to Reynolds number and that aerodynamic loads change with structural deformation, i.e., aeroelastic coupling. The
study also simulated the Earth’s wind boundary layer for the first time in a large-scale facility at full-scale Reynolds number to investi-
gate its effect on ground wind loads and WIO'. Agency design guidance emphasizes the importance of aeroelastic scaling in predict-
ing WIO behavior. The team developed a crewed launch vehicle ground wind loads operational placard on the basis of these data.

This work was performed by LaRC.
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LVs exposed to ground winds can oscillate and cause damage or affect systems.
Top: Example of vortex shedding off a cylinder.
Left: A model of the ARES I-X was tested for WIO.

1. T. Ivanco; D. Keller; J. Pinkerton; et. al.: Development of an Atmospheric-Boundary-
Layer Profile at the NASA Langley Transonic Dynamics Tunnel. 2018 AIAA SPACE and
Astronautics Forum and Exposition.

Sketch from NASA-TM-X-50548
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Analysis of Propellant Tank Safe Life

Part of the safe-life demonstration of a propellant tank is understanding whether it is susceptible to environmentally assisted
cracking, which is a process that promotes crack growth or higher crack growth rates than would occur without the presence of
the environment. The NESC was engaged to help validate the safe life of a new propellant tank design. Sustained load tests were
performed to determine if cracks in the tank weld would grow in the presence of monomethylhydrazine and mixed oxides of nitro-
gen propellants, common propellants used in spacecraft propulsion systems. For the tank under consideration, the NESC looked
at the minimum detectable flaw size using the expected maximum design pressure. For the test, multiple pre-cracked material
coupons were submerged in propellants and exposed to static loads that simulated anticipated flight conditions and elevated load
conditions. The test coupons were monitored during the exposure test to measure crack growth. The NESC identified findings
and observations in the areas of material characterization, tensile and fracture test results, fractographic inspection results, and
propellant tank flaw analysis.

This work was performed by LaRC, WSTF, KSC, and JSC.
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Propellant tanks within the Orion European Service Module are typical of tanks that are evaluated for safe service life.
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Alternative O-Ring Materials for Hypergolic Propellant Systems

NASA programs such as the Orion Multi-Purpose Crew Vehicle, the

WSTF NO. 19-47717 Commercial Crew Program, Mars 2020, the Europa Clipper, and the

Parker E515-80 Size -208 . . . . .
Ethylene Propylene Rubber O-rings International Space Station use O-rings to seal high-pressure lines that
Post-Test contain liquid engine propellants and gases. When material obsoles-

cence caused an O-ring supplier to stop producing a popular product,
an NESC assessment team began testing potential replacement candi-
dates, with a focus on material compatibility with hypergolic propellants.

The team chose six candidate materials for evaluation. The test met-
rics included mass changes, swelling, hardness, tensile strength, and
compression set for exposure periods of 2 days and one month. Three
materials successfully completed the short- and long-duration testing
and were considered compatible replacements for O-rings used in hy-
pergolic propellant applications. See NESC Technical Bulletin 20-04

page 39.

Exposed Unexposed
Sample Sample
1 Grid Length = 0.5 cm

The NESC tested multiple O-ring materials for hypergolic
fluid-compatibility in support of the government and
commercial propulsion community.

This work was performed by MSFC, GRC, JSC, WSTF, KSC, and SSC.
TM-2020-5001493; TB-20-04


https://www.nasa.gov/sites/default/files/atoms/files/techbul_20_05_autoignition_072020.pdf
https://www.nasa.gov/sites/default/files/atoms/files/techbul_20_04_o-rings_050120.pdf
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Incorporating System
Development Lessons Learned
into Artemis

As software systems grow increasingly complex and pro-
vide more functionality for space systems, applying lessons
learned from NASA’s past spacecraft developments, com-
mercial partners, and other flight systems will be critical to
the success of the Artemis missions. Comprising three pro-
grams — the Orion Multi-Purpose Crew Vehicle, the Space
Launch System, and the Exploration Ground Systems - the
Artemis | mission will involve a complex integration and veri-
fication of hardware and software systems.

The NESC engaged an assessment team of systems engi-
neering and software subject matter experts in a compre-
hensive review of a wide range of lessons learned potentially
applicable to Artemis | and developed recommendations for
the programs to help mitigate potential issues. The team fo-
cused on three key areas including testing improvements,
systems engineering and integration, and software process
compliance.

This work was performed by GSFC, JSC,
LaRC, MSFC, and the NSC.

Human-rated flight hardware
and software systems are becoming
increasingly complex.

Assessing the Aerospace
Valve Industrial Base

When NASA-wide propulsion control valve issues led to a
perception of systemic quality and handling issues from an
eroding supply chain, the NESC was asked to assess the
aerospace valve industrial base as well as NASA’s acquisition
practices. To identify risks and potential mitigation steps that
might help avoid future problems, programs and projects were
surveyed across multiple NASA Centers; valve vendor data
were mined for issues; and valve vendors were surveyed to
obtain feedback on any supply issues with NASA’s acquisition
practices or valve design requirements.

Data and evaluations showed no erosion or decline in the
industry and actually indicated some growth. The assess-
ment found that valve-related issues may be attributed to
multiple NASA programs requiring concurrent development,
qualification, and manufacture of numerous challenging and
unique valve designs.

This work was performed by MSFC, KSC, GRC, JSC,
GSFC, and SSC. TM-2020-220577
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Shuttle 1981-2011

Gas Generator Cycle

Oxidizer
Fuel Oxidizer
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Main Injector

MCC = Main Combustion Chamber
GG = Gas Generator
MFV = Main Fuel Valve
MOV = Main Oxidizer Valve
GGFV = Gas Generator Fuel Valve
GGOV = Gas Generator
Oxidizer Valve
OTBV = Oxidizer Turbine
Bypass Valve

Nozzle
Extension

Propulsion systems rely on complex valves
to control gas and liquid flows.
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Guidance for Human Error Analysis

Mission safety and success rely on thousands of human tasks performed by operational personnel on the ground and in
flight. The discipline of Human Factors leverages knowledge of human performance, which comprises both desired and
undesired behaviors, to inform system design. This includes designing in capabilities to adapt to unexpected events as well
as designing out “error traps” that provoke human error. Human error analysis (HEA) represents one approach for identifying
error traps, error-producing conditions, and the means to mitigate them. Conducting an HEA is a human-rating requirement
for space systems that enables a program to understand and manage hazards that could be caused by human error, under-
stand the relative risks and uncertainties within the system design, and influence decisions throughout the system lifecycle.

To assist managers with HEA planning, execution, evaluation, and report preparation, the NESC developed a set of guide-
lines for meeting NASA’s HEA requirements. The guide offers a systematic approach from assembling an HEA team and iden-
tifying functions and tasks to identifying potential catastrophic errors and developing a human error management strategy.
See related article on page 35.

This work was performed by ARC and MSFC. TM-2020-5001486
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NASA is working to achieve a human rating of the Artemis mission components.
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SLS Mobile Launcher
Model Review

NASA’s Mobile Launcher (ML) wiII..&'ﬁlsically support the
Space Launch System (SLS)/Orion Multi-Purpose Crew

Vehicle and ground support systems during launch vehicle™ =
processing, rollout, launch, and post-launch securing oper-
ations. As the ML was readied for the SLS, the NESC was

asked to review the dynamic finite element models of the
ML to determine how well they matched design drawings
and reflected the as-built configuration.

The NESC undertook 20 system-level modeling evalua-
tions, which included an evaluation of the ML tower, ML
base, and umbilicals, for consistency with design drawings,
mass properties, and visual observations. Potential issues
identified in the model reviews were then prioritized for a
more in-depth review, which included trade studies and in-
dependent analyses performed to understand the potential
areas of concern. As a result, findings, observations, and
recommendations were provided to the Exploration Ground
Systems Program and KSC Engineering.

This work was performed by LaRC, JSC,
GRC, and ARC. TM-2019-220418

The SLS ML is shown on
a crawler transporter.

Lift-off Modeling and Simulation
of T-0 Umbilicals for SLS

A series of umbilical lines from the ML tower to the SLS will pro-
vide power, fuel, and communications until they are released at
lift-off. The NESC undertook an effort to verify dynamic modeling
and simulation of umbilical preload attachment and separation at
lift-off. To determine the loads induced by the umbilicals on the
vehicle at release, an integrated non-linear static and dynamic
analysis was performed for the SLS, Exploration Ground Sys-
tems, and Orion Multi-Purpose Crew Vehicle Programs as an
important step in evaluating the vehicles’ structural integrity and
ensuring crew safety.

The NESC developed a lift-off pad separation modeling and
simulation capability inclusive of umbilical separation dynamics.
This included a framework and forcing functions for assessing
the SLS core stage umbilical separation, vehicle stabilizer sys-
tem nonlinear struts, pad separation, extensible column re-con-
tact, and aft strut cryogenic shrinkage at SLS lift-off. The fully
nonlinear, flexible multibody simulation can accurately capture
the loads from prelaunch stacking to umbilical and lift-off pad
separation.

This work was performed by GRC, JSC, LaRC, KSC, and MSFC.
TM-2020-5001550

Validating SLS Core Stage
Pressurization Systems

In preparation for the launch of Artemis |, the NESC led an
independent verification and validation of the SLS core stage
pressurization systems to confirm they would meet operating
requirements for worst-case cold environmental conditions.

As part of the NESC team, NASA’s Launch Services Program
(LSP) performed the modeling and simulation for this assess-
ment using models and analysis techniques LSP developed
for the Delta IV upper stage and anchored with flight data. The
modeling effort utilized coupled thermal and fluid models that ran
concurrently, exchanging requisite information between the var-
ious models at specified time increments during the prelaunch
and ascent timelines. The integrated models were used to per-
form predictions for the SLS main propulsion system Green Run

and ascent flight-operating conditions. The predictions for worst-
case cold environmental conditions indicate that the propulsion
system pressures remain within redline/abort limits throughout
Green Run and ascent. The models were delivered to the SLS
Program for continued development and operation.

This work was performed by MSFC, KSC, GRC, and SSC.

lllustration of SLS Block 1B crew
configuration showing vehicle stabilizer
system and umbilical connections between
the SLS and the ML base and tower.
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Priority 2

In-Progress Assessments

Independent Operational Modal Analysis of Dynamic
Rollout Test Data

Particle Ignition in a Peroxide Propulsion System

CCP Fluid Systems Contamination

LaRC Transonic Dynamic Tunnel Review

CFD Assessment of AA-2 Axial Force Anomaly

Lunar Meteoroid Ejecta Model Review

ESD Integrated Hazard Review

Effects of Helium Concentration on TEA-TEB

Combustion in Oxygen

Development of Fire Suppression System Requirements
Examination of Time-Triggered Ethernet in Artemis Architecture
Study for GSFC LISA Laser

Biocide Impacts on Life Support and EVA Architectures
EGS ICPS Umbilical Modeling Evaluation

Cyclomatic Complexity Evaluation

Tube Test Coupon for COPV Mechanics

Anaerobic Hydrogen Detection Sensor

Orion Crew Module Side Hatch Analysis

Guidelines for an Avionics Radiation Hardness Assurance
Hypervelocity Impact Testing of Kevlar KM2+

Space Launch System High Reynolds Number Testing

CCP Ascent Stability

Qualification of Radiographic NDE Techniques

CCP Post-Flight Reference Radiation Environments
Review of Analysis to Support Midpoint Monitoring in Batteries
Material Compatibility and EAC Data for Metals

in Hypergolic Propellants

CCP Autonomous Flight Termination System

CCP Main Parachute NDE

CCP Parachute Pack Ground Extraction Testing
Spacecraft Safety Equipment Assessment

Aerodynamic Buffet Flight Test

Thermocouple Interference During High-Speed Earth Entry
Lead H2 Pop During SLS RS-25 Start

Evaluation of Occupant Protection Requirement
Verification Approach by CCP Partners

NESC Peer Review of ESD Integrated Vehicle Modal Test,
Model Correlation, DFI, and Flight Loads Readiness

Orion Titanium Hydrazine Tank Weld -

Environmentally Assisted Cracking

Infrared Laser Sensor Technology Readiness and Maturation
Risk Reduction of Orion Government-Furnished ECLS
Effects of Humidity on Dry Film Lubricant Storage & Performance
Composite Pressure Vessel Working Group

Stress Ruptures COPV

Independent Modeling and Simulation for CCP EDL

SLS Aerosciences Independent Consultation and Review
Reaction Wheel Performance for NASA Missions
Exploration Systems Independent Modeling and Simulation
Launch Abort System Risk Mitigation

Peer Review of the MPCV Aerodynamic/Aerothermal
Database Models and Methods

Helium Evolution from Helium-Saturated Hypergolic Propellants

Completed Support Activities

Evaluation of ABSL Moli-M Cell Li-lon Batteries for L2 Missions
CFD/DTA Analysis for a CCP Propulsion System

European Solar Array Wing Deploy Model Review

EGS Mobile Launcher 1 Weld

CCP Thruster Design Modifications

Review of Failure Analysis for Bellow Cracking Issue
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SLS Flight Computer

Technical Standards Evaluation and Streamlining Approach
Human Exploration and Operations Program Status Assessment
Propulsion System Pintle Erosion Investigation

OFT-1 Entry Risk Assessment

Hydrazine Tank Investigation

Oxygen Compatibility Assessment

Capsule Water Landing Structural Design Reliability
Cryogenic Fluid Management Feasibility Assessment for NTP
Pyrotechnic Smart Initiator Redesign

Mars 2020 Wheel/Flexure Stiffness and Strain Capacity
Review of SLS SOW

NASCAP Integrated Spacecraft Charging Analysis

Service Module Pressure Control Assembly

Active Mass Translator on Near-Earth Asteroid Scout

EGS Crew Module Test Article Design Peer Review

Pegasus ICON Mission

ESD Dynamic System and Flight Test Analysis and Evaluation
Orion CM/SM Separation Nut Test Fixture

WFF Super Pressure Balloon Data Acquisition Design

Orion CM Recovery During Underway Testing and Artemis |
Mars 2020 Heatshield Structural Review

Waterflow Pulse Test Support to Develop RL-10 Pogo Model
Propulsion Terms

SLS Booster Nozzle Throat Plug Debris

Orion CM/SM Separation Bolt Life

Accelerance Decoupling for Modal Test

AA-2 Independent Review Team

VAB Pile Cap Peer Review

Technical Support for GOES-R Arcjet On-Orbit Anomaly
Adiabatic Demagnetization Refrigeration on

SOFIA Science Instruments

NASA Support to Boeing OFT-1 Software Review

In-Progress Support Activities

CCP Sensor Anomaly Investigation

NAFTU Software Engineering Review

Flex Harness Technical Support

Rotordynamic Analysis for Europa Clipper

Mars 2020 Sample Tube Cracking

Circuit Board Signal Integrity/Power Analysis and Training

for CLPS Missions

CCP Ascent Cover

Ocean Color Instrument Engineering Test Unit Anomaly

Space Charging of Ocean Color Instrument Rotating Mechanism
Evaluation of CCP Fire Suppression

Support for NASA P-3B Aircraft Anomaly

CCP 1553 Dropped Commands

Remote Analog Interface Unit

Support to Blue Origin, New Glenn Launch Vehicle

MPCV Welded Coupon Autofrettage Crack Growth Tests
Evaluating Risk of an Alternative Pyro Lot Acceptance Test Plan
SE&I Support to CCP DCRs

Review of SLS FTS Battery Cell Out Test Procedure

Orion, NDSB2, & Gateway Material Electrical Properties Support
Orion Spacecraft Low-g Slosh Performance and Stability

Orion Artemis | Spectrometer

Power Electronics Technical Support for Electric Propulsion
Hydrodynamics Support for the Orion CM Uprighting System
CCP Parachute Flight/Ground Tests and Vendor Packing/Rigging
Super Resolution Post-Processing of Air-to-Air Imagery of

CCP High Altitude Parachute Test

NOVICE Radiation Assessment

SLS Design Certification Review

Bond Verification Plan for Orion’s Molded Avcoat Block
Heatshield Design
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Space Weather Architecture

Since the final human Moon landing in 1972, all human space

exploration has taken place in low-inclination low Earth orbit,

: H H H H where the Earth’s magnetosphere provides significant pro-

TranSIent combUStlon MOdEIlng for vaergOIIC Englnes tection from harmful sp%ce radiation. But forjou?neys beyond

low Earth orbit to destinations in cislunar space and Mars,

new monitoring infrastructure and operational procedures

will be required to protect astronauts from space radiation
hazards.

Hypergolic engines provide maneuvering thrust on many
spacecraft, and can experience transient combustion issues
including start-up pressure oscillations and overshoots, igni-
tion delays, and transient thrust excursions. During the Apollo
Program, NASA performed significant testing and implement-
ed hardware-specific mitigation approaches to address tran-
sient combustion issues. While those operational mitigations
were generally successful, there was limited feedback into
engine designs and little insight into foundational causes.
An NESC assessment team performed fundamental propel-
lant testing and developed 1-, 2-, and 3-dimensional models
during a recent investigation into hypergolic engine transient
combustion processes. The models described the interre-
lationships between operational parameters (e.g., flows,
pressures, timing, etc.) and combustion chamber dynamic
responses. The results will help designers and modelers un-
derstand relevant environments and inform test engineers of
instrumentation best practices to help capture relevant be-
haviors. The user community will also benefit by preventing
damage to hardware and designing safer and more efficient
start-up sequences. See page 32 for additional detail.

To help reduce these radiation risks for crewed and robotic
systems operating in the inner heliosphere in orbits about
Earth, cislunar space, and Mars, the NESC reviewed prior
and current NASA, NOAA, and DoD work on space weather
monitoring and forecast architectures to understand gaps in
knowledge and status of existing space environment monitor-
ing infrastructure. They also assessed operational response
time for space weather monitoring, reviewed the status of rel-
evant space weather forecasting tools, and assessed solar
energetic particle threshold levels for exploration missions.
The data gathered were used to develop options for a robust,
cost-effective space weather situational awareness archi-
tecture to reduce radiation risks for human and robotic deep
space exploration.

The Consequences of New Hydrazine Production Process

thhlum'lon Batter\l Safet\l Hydrazine dominates the class of hypergolic liquid propel-
e R ] : lants used for rocket propulsion and is widely used in auxil- ©
Lithium-ion (Li-ion) batteries provide energy-dense power storage iary power units and thrusters for satellites and spacecraft. s
solutions that are lightweight and low volume and are extensively used New methods to produce ketazine-derived high-purity hy- °
for human spaceflight applications. On the ISS, Li-ion batteries store drazine (HPH) have shown the presence of extraneous,
power from the solar array wings and power the ISS extravehicular unknown organic byproducts from the synthesis processes.
mobility units and hand tools. However, Li-ion cells pose an inherent To understand if these byproducts could affect the long-term o iS5
risk of thermal runaway (TR), a rapid release of stored electrochemical storage of HPH or propulsion performance, the NESC led é =
energy, V\_Ihich can be_triggered by physi_cal or electrochemical_ abuse or a full organic and elemental analysis of hydrazine samples 5 | < 0 FID - Flame lonization Detector
an electrlca_l short. Within a bfitte_ry, TRin as_lngle cell can rz_apldly prop- as well as a round-robin style test protocol with numerous & N MEK - Methyl Ethyl Ketone
agate to adjacent cells resulting in a potentially catastrophic event. government and contractor laboratories. The team identified 2 3
and quantified organic compounds and developed procedur- *
The NESC is focused on designing safe, high-performance Li-ion bat- al guidelines for future analyses that will benefit the propul-
teries. This requires a thorough understanding of the thermal energy sion community as it responds to the adoption of this HPH J l
that is liberated during TR. Additionally, the NESC has been involved commodity. Recommendations will be made to U.S. Air Force M;\\_J -
in basic research by measuring the fractional energy yield and efflu- owners of MIL-PRF-26536G, Performance Specification -
ent/composition ejected from a cell in TR. Insights gained from this Propellant, Hydrazine for possible incorporation into a future o S —
work have improved thermal modeling of Li-ion cells and batteries. revision. See NESC Technical Bulletin 20-08, page 41. Time (min)
Expedition 63 ast " Techniques to measure TR energy yield developed by the NESC will
Chris CassidyWorks to benefit Li-ion cell and battery design in commercial applications.
i -ion batteries on TB-20-08

e ISS truss structure. This work is being performed by JSC, GRC, KSC, and MSFC.



https://www.nasa.gov/sites/default/files/atoms/files/nesc-tb-20-08_10-1-20_state_of_hydrazine_synthesis.pdf
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Characterizing Damage Tolerance Life
in COPVs

Linear elastic fracture mechanics (LEFM) methods have traditionally been used
to characterize the damage tolerance life of elastically responding components,
but may have limitations when predicting fatigue-crack growth-rate behavior in the
thin metal liners of COPVs. The NESC initiated an assessment to develop data
to define these limitations by performing fatigue and fracture testing and LEFM
analyses, and developing a finite element model to compare crack behaviors. The
results included an analysis approach to identify where LEFM small-scale and
constrained plasticity assumptions are violated, and found that measured crack
growth behavior gradually diverges from LEFM predictions as the crack depth ap-
proaches the liner thickness. They also demonstrated a test-based methodology
for validating damage tolerance life requirements by performing material evalua-
tion, autofrettage crack growth tests, and damage tolerance life tests. These tests
and analyses provided evidence to support best practices to comply with COPV
standards for damage tolerance life.

This work was performed by KSC, GRC, LaRC, JSC WSTF, JPL, and MSFC.
NASA/TM-2020-5006765
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lllustration of COPV major components.

Understanding Lunar Dust

Lunar dust is an Agency and industry concern affecting most mission subsystems.
Precursor landers on the Moon will need to ascertain dust characteristics that will
influence hardware design and provide toxicology data to safeguard crew health.

To aid in that effort, the NESC hosted the 2nd Lunar Dust Workshop in early
February 2020 focusing on the impact of lunar dust on human exploration. The
workshop addressed concerns about the physical nature of the dust, its impact on
human health, and its impact on lunar surface systems and operations. The goal
was to provide insight for lunar mission designers and engineers and for mission
planners deciding on payload selections for future lunar missions.

This work was performed by JSC, JPL, LaRC, and ARC.

Abrasive lunar dust caused issues
with EVA suit joints.

Qualifying an Updated Flight Computer

The RAD750 radiation-hardened single-board computer has been the standard
flight computer for many NASA and DoD projects and instruments. Because of
part obsolescence and the need for increased performance and capabilities, an
updated design was needed that would meet the conditions and environments
for the majority of NASA space missions. The NESC teamed with other NASA
directorates to oversee the qualification of the new version of the RAD750 as
well as review the analyses associated with the updated design. This joint effort
prevented multiple programs from having to develop and qualify revised boards
for their systems. The updated RAD750 successfully completed acceptance and
qualification testing, and can be used not only for future applications, but as a
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Preparing for Composite SBKF Testing (in-progress Update)

The Shell Buckling Knockdown Factor (SBKF) assess-
ment was chartered to develop and experimentally val-
idate new analysis-based buckling knockdown factors
for stability-critical metallic and composite launch ve-
hicle structures. The project has provided new knock-
down factors for metallic structures to the SLS core
stage, which resulted in documented mass, cost, and
schedule savings, and a new update to NASA SP-8007
Buckling of Thin-Walled Circular Cylinders is currently
being finalized. The current focus of the SBKF team is
developing buckling analysis approaches for sandwich
composite cylinders that can be used to develop new
buckling design factors. To support this effort, a series
of large-scale 8-ft-diameter test articles are being test-
ed to validate these analyses.

The fourth and final such large-scale test article was
fabricated in fall 2019 and is being prepared for testing
in November 2020. In order to ensure that the SBKF
research is state of the art, a number of external collab-
orations have also been established with domestic and
international partners in government, academia, and
industry. There is an active collaboration between the
SBKF team and the Delft University of Technology in
the Netherlands. This collaboration is an effort to estab-
lish rigorous scaling laws for the buckling response of
sandwich composite shells and to investigate the buck-
ling response of single-piece composite cone-cylinder
shells.

Priority 3

In-Progress Assessments

Unconservatism of LEFM Analysis Post-Autofrettage
Medical Ceramic Oxygen Generator (M-COG)
Honeywell MIMU Operational Life Investigation
COTS Guidance for all Mission Risk Classification

Soyuz Landing Reconstructions

Occupant Protection Testing

Solar Wind Radiation Damage of Metallic Coatings
Capacitor Microstructure Analysis/Tools Development
Shuttle Enterprise MLG Fracture

Parachute Reefing Line Cutter Modification & Qualification
Wireless EDL Instrumentation Validation

Microthrusters for Low-Jitter Space Observatory
Precision Attitude Control

Guidelines for Battery TR on Robotic Missions

Auroral Charging Threat Assessment

Creation of Agency Standards for Additive Manufacturing
Safe, High Power Li-ion Battery Module Design

Removal of 8-ft-diameter sandwich composite test article from the
tool after fabrication and before preparation for test at MSFC.

Completed Support Activities

Characterization of Internal Insulation Thermal Performance

Restore-L RPO and Kodiak Systems

Lunar Lander Standing Acceleration Limits

Standards Development

DART Spacecraft SmartNav Independent Review Team

In-Progress Support Activities

Arecibo Failure Support

GRC High Voltage Fault/Transient Anomalies

Human Factors Support for OSAM-1

Update Human Systems Integration Practitioner’s Guide
Technical Readiness Assessment of Lidar Instruments for ACCP SET
Advanced Weapons Elevator CVN-78

DARPA Experimental Space Plane

Revision of NASA-HDBK-4002A

Lunar Lander Mentor Team

PAMELA Radiation Data Recovery

Planned missions like the NASA-ISRO Synthetic
Aperture Radar satellite use radiation-hardened
single-board computers.

6 Degree-of-Freedom Trajectory Simulation
with Integrated CFD Aerodynamics
Completion of NASA-HNBK-5010A

Southern Hemisphere Meteoroid Environment Measurements
MMOD Pressure Vessel Failure Criteria
Shell Buckling Knockdown Factor Proposal

backward-compatible component to existing hardware.
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Priority 4 Completed Assessments
Work to Avoid Potential Future Problems

Evaluating Nuclear Propulsion Technologies Guidelines for Spacecraft Passivation

for Future Mars MiSSionS Impacts from orbital debris can damage or destroy space 20000 7fﬁﬂ°ffll&ﬂlfr of Objects in Earth by Object Type
vehicles. To limit the growth of the orbital debris popula- O] L otal Objects

tion across widely used orbits, NASA requires space vehi- s Fragmentation Debris

cles such as satellites and launch vehicle stages undergo 1600 1 — spacecraft

a decommissioning. Called spacecraft passivation, the pro- s

cess removes stored energy from a space vehicle that has 13000 Rocket Bodies

reached the end of its mission—but will remain in orbit—to 12000 T 1]

help reduce the risk of high-energy releases like explosions
or fragmentations that would produce orbital debris. An

Both nuclear electric propulsion/chemical propulsion (NEP/Chem) and nuclear thermal propulsion (NTP) architectures are
being considered both internal and external to NASA for missions to Mars during the 2030s. To help inform current archi-
tecture development efforts, the NESC recently assessed a range of components and systems to determine their technical
maturity and potential to reach flight qualification by 2035.

11000
10000
9000

Number of Objects

The team evaluated 26 systems and 72 technologies including NTP and NEP reactors and fuels, NEP auxiliary systems, and NESC team conducted an assessment to develop guidelines A e
cross-cutting technologies. The system/component maturity was assessed using Technology Readiness Levels (TRL) and for spacecraft designers and operators to ensure they are gl
the Advancement Degree of Difficulty (AD2). The latter is a predictive description of what is required to move a system or meeting NASA passivation requirements. The team reviewed 5000
component from one TRL to another. Lower AD2 values imply less risk moving to higher TRLs. The team found the majority literature; evaluated pressurized systems to recommend P
of critical technologies evaluated are at a relatively high AD2 for reaching flight qualification, but could be matured to support guidelines for acceptable depressurization targets; provided 2000
a 2035 crewed mission to Mars, given a dedicated and well-funded program. a process to determine the number of meteoroid/orbital debris b =
particles a spacecraft may encounter in its passivated state; g 5EE3EEEEE2EEEES
This work was performed by MSFC, GRC, JPL, GRC, KSC, and JSC. and demonstrated the potential risk associated with pressure

NASA/TM-2020-5001631 increases due to residual propellant decomposition.

Bridging the Gaps Between Multibody Dynamics and GNC

Flexible multibody dynamics modeling of launch
vehicles and satellites is often critical for the design

NG

o 1Y ' and analysis of guidance, navigation, and control FModal L&Y | Linearization

A \ “‘% N /e . (GNC) systems and for evaluating structural loads. ‘ Closed-Loop
v ¢ 109 N " RS While the GNC and structures disciplines share a NASTRAN DARTS/Dshell | Simulation
il /% S, L

need for high-fidelity structural models to predict

dynamic behavior, fragmented modeling approaches

have historically persisted because the needs of Iteration

the disciplines differ. The NESC developed a tool-

chain to improve the process of generating and

integrating structural dynamics data for use in multibody aerospace system models. The work addressed common issues by
developing a finite element model (FEM) to GNC modeling pipeline using a general multibody dynamics framework. The work re-
sulted in a tool that streamlines the processing between structural analysis models and GNC models. Test cases were developed

to emphasize dynamic coupling between bodies and the results compared against models developed by MSFC Engineering. The
tool was further demonstrated using a FEM developed for the SLS core stage and was separately used to develop GNC flexible
body models for an NESC assessment to reduce jitter in science missions requiring challenging pointing stability requirements.

Priority &4 Priority 5

In-Progress Assessments Completed Support Activities In-Progress Assessments Completed Support Activities

* Shock Prediction Advancement: Transient Finite Energy Predictor ® State of In-Space Propellant Tanker/Transfer Technology * Flight Mechanics Analysis Tools Interoperability * Determining the Composition and Depth of the Lakes on Titan

¢ FPMU Data Processing Algorithm Development and Analysis and Component Sharing ¢ Agile Software Development Methodology Use Summary

¢ BON Galactic Cosmic Ray Model Improvements |n'Pr0gI’ESS Su DDOI‘t Activities ¢ Improvements to the Flight Analysis and Simulation Tool

¢ Updating RefProp with Nitrogen Tetroxide Properties |n-Progress Support Activities

e Wire and Wire Bundle Ampacity Testing and Analysis ¢ Ethical Use of Artificial Intelligence Policy Development

¢ Solderless Interconnects and Interposers ¢ AFRL/STMD Advanced Radiation-Hardened Memory e U.S. Army: Reentry Aeroballistics Trajectory & Thermal Protection
¢ EEE parts Copper Wire Bonds for Space Programs « DARPA TRADES Study
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Innovation that Impacts All NASA Missions:
Improving How We Engineer Our Systems

John F. Kennedy set the tone for NASA’s culture in 1961 during his famous speech on going to the

Moon, “We choose to go to the Moon not because it’s easy, but because it’s hard; because that goal
will serve to organize and measure the best of our energies and skills, because that challenge is one
that we are willing to accept, one we are unwilling to postpone...”

That culture has never faded, even across NASA’s diverse spectrum of missions. The continuous challenge to do what is hard or
near impossible includes the requirement for innovation. Innovation is the importance of what we do, but also how we do it. With
a goal of improving the way NASA’s workforce engineers its systems, the Systems Engineering (SE) Technical Discipline Team
(TDT) has partnered with numerous facets of the NASA workforce to better enable innovation in how we work. Over the past year,
three diverse teams made progress toward that goal by looking at the way we levy technical standards, improving understanding
and integrated risk (cost, schedule, and technical), reducing project risk by better management of mass growth, and moving SE
into the model based digital domain. A brief summary of each team’s efforts follows.

m ExMC: Systems Analysis and Integration Using MBSE
(,, \ Via its Model-Based Systems Engineering (MBSE) Infusion And Modernization Initiative (MIAMI), the NESC
(“‘_j . SE TDT partnered with the Human Research Program’s Exploration Medical Capability (ExMC) Element
= (https://www.nasa.gov/hrp/elements/exmc) at JSC. ExMC has adopted SE principles and tools (MVBSE and
‘ ) the Systems Modeling Language) to develop an initial architecture and requirements for a future explora-
4 tion medical system. MIAMI is assisting the ExXMC work by providing an MBSE modeler who is matrixed

f to ExMC, one NASA MBSE Community of Practice (CoP) meeting per month dedicated to responding to
Kerry McGuire ExMC'’s needs, and any available/needed Agency MBSE infrastructure. In return, MIAMI is receiving mod-
(EXMC) eling lessons learned, feedback to the MIAMI Leadership Team on available MBSE resources, and data

needed to communicate MBSE successes and challenges to their SE TDT peers.The partnership has been
mutually beneficial to ExXMC, the SE TDT, and the greater NASA MBSE community. With MIAMI support, ExXMC architected their
system model, developed a model management plan, better defined their MBSE hiring and training needs, provided guidance to
junior modelers, and developed ideas to push the boundaries of model usage.

As a return benefit, the MBSE community received a sample model architecture, an updated model management plan template,
and valuable discussions at the MBSE CoP, where the ExMC presented ideas that had not been considered before. Ideas includ-
ed the characteristics of good system modelers, how to manage model configuration, and using models with non-modeling tools.
Notes from all these lively and well-attended CoP discussions are on the NASA Engineering Network MBSE website (https:/nen.
nasa.gov/web/mbse/). Beyond this, ExXMC’s input on what will be necessary to grow NASA’'s MBSE community and capability (e.g.,
modeler skillsets) continues to inform and ground in reality MIAMI’s recommendations to NASA’s Digital Transformation initiative.
For more information, contact Kerry McGuire, kerry.m.mcquire @nasa.gov.
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a). MBSE is being applied to help architect the ExMC, which is pushing the boundary of space medical systems to care for future astronauts.
b). A proposed Mars sample return mission development project would benefit from using the NASA-endorsed ANSI/AIAA standard: Mass
Properties Control for Space Systems. c). New approaches to streamlining design and constructions standards will benefit projects like the
Gateway Power and Propulsion and Habitation and Logistics Outpost.

NASA/JPL: Enterprise Approach to Mass Properties Control

In August 2019, a team of NESC and NASA subject matter experts (SME) issued a report regarding mass
growth. It included recommendations to initiate the development and sustainment of an expanded mass
growth database as an Agency resource and reforms in how programs and projects estimate, manage,
and report mass properties based on the NASA-endorsed ANSI/AIAA S-120A-2015 [2019] standard, Mass
Properties Control for Space Systems. The intent is to reap the benefits of a more common approach
across NASA in managing and controlling mass growth and of using a common terminology among NASA
Robert Shishko Centers and its contractors. Historical mass growth data, consolidated in a single place, will help programs
(JPL SE) and projects in establishing Mass Growth Allowance (MGA) factors and mass margins above MGA that can

reduce the risk of mass issues and potential cost overruns. To date, the NESC recommendations have re-
sulted in major changes in mass management and control requirements and recommended best practices at JPL and other NASA
Centers. Beyond Center-level actions, the NESC has engaged with the Office of the Chief Financial Officer to promote the use of
the ANSI/AIAA standard’s terminology and calculations in future data collections for NPR 7120.5-mandated Cost Analysis Data
Requirements documents. For more information, contact Robert Shishko, robert.shishko @jpl.nasa.gov.

HALO: Modernized Application of Design & Construction Standards

The NASA Technical Standards Process Improvement pilot activity initiated by the Habitation and Logistics
Outpost (HALO) Project seeks to improve the way that NASA levies and manages technical standards by
1) moving from document-centric to data-centric (databases) management of the requirements; 2) incor-
porating important attributes into the database so that applicability, tailoring, and information management
is streamlined; and 3) providing technical recommendations on acceptable approaches for compliance
evidence. The effort is a fleet-leader on how to streamline the standards deployment, assessment, and
long-term verification process, while also improving the allocation of resources based on mission risk.

Jenny Devolites
(HALO SE)

NASA Technical Fellows participated in this review and provided important input and support for the as-
sessment of Design and Construction (D&C) standards for the HALO project. The approach “shredded” the requirements doc-
uments into a database of individual requirements with fields to populate describing the requirement type and compliance ap-
proach. Overall, the pilot activity is an important first step in properly assessing and flowing D&C standards to NASA’s contractors
and partners. NESC systems engineering and integration SMEs reviewed the HALO pilot deployment activity for managing and
implementing design and construction standards. The SMEs identified advantages and disadvantages of the pilot activity and
offered suggestions for improving the standards streamlining effort in the future. For more information, contact Jennifer Devolites,
jennifer.devolites @nasa.gov.
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Lift-off Modeling & Simulation of T-0 Umbilicals Using

a Flexible Multibody Dynamic Model Framework

The NESC has developed a fully nonlinear lift-off pad separa-
tion capability inclusive of umbilical separation dynamics for
the Space Launch System (SLS) and the Exploration Ground
Systems programs. This flexible multibody capability allows for
characterization of umbilical separation at lift-off (i.e., T-0) and to
perform relative clearance analyses when vehicle rise time is a
critical parameter!. For the subject SLS lift-off transient coupled
loads analysis (CLA), the separating interfaces, include Vehicle
Support Posts to booster aft skirts, Vehicle Stabilizer System
(VSS) to core stage (CS), and the CS umbilicals (Figure 1).
This work provides a fully nonlinear, flexible multibody simula-
tion for accurately capturing the loads from prelaunch stacking
to umbilical and pad separation at lift-off. The prelaunch stack-
ing and cryogenic shrinkage simulations lock-in the preloads
and provide the initial conditions to the lift-off pad separation.
It is the sudden transient release of these preloads, often re-
ferred to as the lift-off “twang,” that can result in high vehicle
load indicator dynamic response. For the event of umbilical
secondary disconnect, the multibody simulations solve for the
umbilical force time-histories at the vehicle interfaces. These
nonlinear interface forces are transient with significant peak
amplitudes and quick decay rates. This combination can result
in a pre-pad-separation twang in vehicle load indicators near
umbilical separation locations. These phenomena manifest as
a high frequency “buzz” in some load indicators to significantly
altered response time-histories in others.

The SLS lift-off CLA is a nonlinear transient
dynamic event. For the lift-off CLA to be valid,
it must include the major system nonlinearities
and their impact on dynamic response. This in-
novative technique includes Deformed Geom-
etry Synthesis (DGS) for the replications of all
physical stacking steps, cryogenic shrinkage,
and associated geometric nonlinearities (e.g.,
aft strut rotations) for accurate preloads. The
DGS algorithm locks in preloads due to geom-
etry (e.g., stacking and cryogenic shrinkage)
misalignments at component interfaces. This
provides the preload contribution to the lift-off
pad separation twang (i.e., includes the re-
lease of strain energy due to gravity effects).
The nonlinear simulations utilize a flexible mul-
tibody framework with key benefits including
the ability for the solver algorithms to handle
nonlinearities at the substructure level without
affecting the overall system computational per-

sient CLA capability solves at fast computation
speeds that are congruent with sensitivity and
other risk reduction studies.

1. Anshicks, R. D. (1970), Interactions with Launch
Stand and Umbilicals, NASA-SP-0861, LaRC.

Umbilical/Access Arm
Configuration

Core Stage Forward
Skirt Umbilical (CSFSU)
Vehicle Stabilizer System (VSS)

Core Stage Inter-Tank
Umbilical (CSITU)

Tail Service Mast Umbilical
formance. As such, the nonlinear lift-off tran- (TSMU) - 2 Places

For vehicle-pad separation, simulations utilize an enhanced
version of the Henkel-Mar (HM) pad separation nonlinear algo-
rithm. The enhancement involves an iteration loop that discerns
which separating interface takes precedence in the event when
two or more interfaces separate at the same time. This results
in a more realistic release of strain energy, resulting dynamics,
and separation twang. A contact/recontact nonlinear algorithm
tracks potential re-contact between all separating interfaces,
e.g., booster aft skirt lateral rebound due to “squat” loads and ex-
tensible-post separation/recontact with the mobile launcher. The
VSS model is a nonlinear substructure including the radial and
tangential hydraulic struts with parameters defined from test
data. A Newton-Raphson algorithm is utilized to solve for the
VSS nonlinear behavior. The separation simulation of the VSS
from the CS uses a timed-release algorithm. The Tail Service
Mast Umbilical (TSMU) (liquid oxygen and liquid hydrogen), CS
Intertank Umbilical (CSITU), and CS Forward Skirt Umbilical
(CSFSU) secondary disconnects were included in the lift-off
nonlinear simulations. Umbilical secondary disconnect sce-
narios for the two TSMUs, CSITU, and CSFSU utilize the HM
algorithm inclusive of contact/recontact. This flexible multibody
framework provides for exceptionally fast nonlinear simulation
times and flexibility in adding components and nonlinearities
without having to reformulate the entire system. For more infor-
mation, contact Joel Sills, joel.w.sills @nasa.gov.
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Vehicle Support Post (VSP) -
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Mobile launcher layout showing umbilicals.
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Strain-Hardness Correlation Testing Technique

A new material analysis technique was developed at the MSFC
Materials & Processes Lab to efficiently generate correlation
curves between indentation hardness measurements and
localized material strain.

The technique employs digital image correlation (DIC) to map
local plastic strain development in a tensile test specimen un-
der stress. The test specimen includes a constant radius gage
section designed to establish a plastic strain gradient along the
longitudinal axis of the test specimen. The hourglass-shaped
test specimens are then loaded to a desired stress level using
standard tensile testing procedures while monitoring the speci-
men surface with DIC.

Post-test, the specimens are longitudinally sectioned, and a
trace of micro-hardness indentation measurements are obtained
along the cross-section. With careful attention to specimen
orientation and relationships between spatial reference features
on the test specimen, a corresponding local strain value can
be determined for each microha